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bank was pmticularly vigorous; at such a place there milrht be a good 
many or a few or but one; the fewer, the bigger and better developed. 
They grew downward toward the sea frcim the cloud base in all C R P ~ E .  

\ ‘. 
FIG. I.--Cumulus cloud with whirling mist filament, I, seen at entrance to Gulf 01 

California, July 23.1915. 

I had a chance to see one yery well. It lay like the arrow in figure 1, 
about which I have dra\vi-n a spiral line. With the glasfi 
1 could see the whirling filaments of mist, but thev were rint dense 
enough so that I could tell on which side they were, the near or the far, 
and so determine the direction of the rotation. The pattern w m  
something like that shown in figure 2. 

(Fig. 1, x.) 

FIG. 2.-Details of the whirllng mist filament of figure 1: I!ppcr arrow s h o w  westward 
dlreotion of molion 01 the cumulus. OS the outer $-,m dense sheath. p o w -  
ing downward and tollowing the inner slkstvth, 1.9. ihe  external outline of 
O S  was quite vague. IS. Inner dense sheath, groain downward more rap- 
idly than OS. C‘. the hollow empty core. F, misl !!laments \vhirliw and 
ascending. seen one throug2Bhe other so as to glre u lat l lce pattern. 

Some of the funnels were so near t.he rear edge of the cloud iw to be 
illuminated by sunshine; most were in shade, particularly the on; 
above sketched waa. The variations in form were from that of “A 
to that of *‘B” in figure 3. Incipient forms were mere protuberances 
on the cloud base. 

A -3 
FIQ. 3.-Llmitinp forms 01 wlilrls under cumulus clouds. -\, seen from shesd 01 the 

cloud: very large, and reaching onerfourth of thc vertival distance to the 
W B V I .  

These two cloi:d hanks Hsenied tc, join it: a great, eiirniilii~ hank far t.n 
the south. 

Jdy 33, 1915: 
4=24O13’ N.. ~=112~14’ N., at noon. 

The dotted lines in the first figure were drawn from a 
comparison of the moteion of mist wreaths in the clouds 
and the way tlie various tonindo fminels lay hclow the 
clouds; they could not., of course, bo drawn from dircci. 
observation. 

developed waterspout in  the I also saw a perfect1 
neighborhood of San S 9 vador [ 29 =Oo, X = 91 O W. ?]. 

.- 
CIRCULATION AND TEMPERATURE OB TEE 

ATXOSPHERZ . 
By WILIJAM HEKRY DINER, B. A., F. It. 5. 

[Dated: Neteorological OIBce Observatory Bwon WallingImd, England, Nov. 1, 
1915: rest.i.ell hov .  17. i915.1 

Met.corology has macle weat progress during recent 
years and many of t.ho orainnry henomena connected 

t,ions, but it .must, be confessed t’hnt t.he circulation of 
t,he at.niospherc, t.he basis on which all meteorology 
de ends, reninins more or less a ho eless puzzle. 

.of different )arts of the earth’s surface, about that there 

soon 8s me t,ry t.o see wlia~t should he t,he natural result 
of this cooling nnd hoat,ing. 

Disregarding for t,he present the local circulation, the 
cyclones and unbicyclones, t,lie facts to be ex- 

polewnrd of t,he t.rades, the strong westerly winds of 
t.em ernte 1atit)udes and t,he low pressures on their pole- 
wnrc 1; side. 

I t  might seem, at  first siaht., as though a mathematical 
solution niight be obtainex, hut the difficulties are very 
great,. It IS hardly likely t,hnt, any solution could be 
sat.isfact,ory which did not take account of the humidity 
of the air, since t,he latent. heat set free by the formation 
of rain is enormous, and when t’hc huniidity and the 
viscosit,y are ndclecl to t.ho difficult,ies due to the friction 
of the eiirth’s surfncc! and the dist.urbmce due to the 
earth’s rotation, the clifficultk seem t.0 render a solution 
hopeless. Not~~-it,list.snding, it is n. matter of regot that 
of the few men gifted with very escept,ional mathematical 
ability who appear from t.ime t’o tiiiie, none have made a 
specinl study of the subject. Wiilc full mathematical 
t,reat.nient is at  present ini ossihle certain elementary 

must be un&rstoorl before ring intelligent discussion of 
the robloni cnii be commenced. For tlie elucidation 
of tfme principles meteorologists are grest?ly indebted 
to Ferrel who, in my opinion, hns clone niore for tlieo- 
ret,icaI meteorology than aiiy one else. 

In considering the circulntion of thc atmosphere the 
first point that meets us is the effect of the earth’s rota- 
tion upon n mnving hodv, in this case upon the moving 
air. In one sense the effbct, is small, hut the cumulative 
effect, is very great. The. following seems the simplest way 
of stating the effect. A body moving freely is subject 
to a contlnunl cliitlig(~ in its direction-in the Northern 
Heiiiis liere it, turns to the right,, in the Southern to 
the le .p t. I t  does not, ninttw wliioh way it  is moving, 
cast or arst, north or south, ani1 it, docs not ni?,ter, 
within the limits of ordinary wiiid velocities, how fast it  
is nioring; if moving frcdy, its direction of motion will 
radually tm‘n to thc right [in thc Northrrn Heniisphere]. he amount of cliangt? or tlic de+. t ion is proportional to 

the time and to the sine nf thc latit1urlr, und the c.hnngp 
of direction in onc hour is given in tipgrees hy the espres- 
sioii 15 sin 4. Thus in Intitmlr 4 5 O ,  sincs sin i s o  =0.71 
t h t b  clinngr prr hour is 1.0.&’, nnrl L littlv unc1t.r 9 hours. 
suf€iws to turn, in t h  Nortlierii Ihnisphcrc, an past wind 
i1it.o n soiith, or in thc-1 Southii  Hmiisphsre into a north 
wind. 

Su posc thrn tlint :L placv, A,  liw north of place B, t~nd 
tlint r or sonit’ reason thcl l>:rronictcr tit B is lower than at 

therowit.li have met with siniple an x satisfactory eqlana- 

!hie circulnt.ion is due to unequa F cooling and heating 

can he no coubt II 

plainec n10vin7 tire t.he trride minds, t,he high-pressure belt’s lying 

whatever, the difficulty comes in as 

mechanical rinciples are P undaiiient,d, however, and 
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A. The natural result is t,liat n.ir flows froni A to B, t,liat 
is to say, there is a north wind blowing over t,lit) c.ouni,ry 
betwecn d :i.iid B, but in niiic liours' tinie t,he esrt,h rc-tt,it- 
tion hns shift8cd this north wind into an enst w i d .  But 
as soon aa any east appears in the wintl, it  is c.ewiiig to 
move freely, since the pressfirin wadicnt is turning it. hnck 
to the sout,li, am1 ns soon :is it%cromcs a true east, wiiic;l 
the pressure gradient, esiwtly opposes the t,enclency to 
turn to thc right, and we find in pmcticc n steady clast, 
wind blowing :ECI'OSS tlie l i iu~ A 6'. 

In recent years it has heconie a coinnion practice t o  
observe the u per winds by nieaiis of pilot balloons nncl  

limits given by the probab'lr errors of observation, thc 
wind at  a hei lit of one or two thousand fcrt is n.l\~--nys 

its velocity is proportional to tlic stcepncsa of the gra- 
dient and has tmhe valuc that, is theoret.irally rccluirccl. 
Now it is perfectly easy to chsplain the t,ratle winds on 
this rinciple, but the irony of thr situation is t,hat it 

erat.e latitudes on thc saiiie principle, but. unfortunrtt,cly 
for the esplanation it is strong west winds aiid not, cast 
winds that prevail. 

The esplanation of the northeast trades conimonly 
The sun standing wrtically over the 

&quator makes the Equator hotter than the region of 30° 
or so north latitude, t,he warni air rises by virtue of its 
warmth and less density, tlie cold air from the north 
flows in to take its place and this flow of air froni the 
north or north wind is turned by the tendency of t.he 
earth's rotation into an east wind, and hence the north- 
east trade wind. The e s  >lanation seenis perfectly good, 

accepted. 
But now vary the locality and reason as follows: The 

air over 40" north latitude is niuch warmer than over 60° 
north latitude, therefore it rises and cold air flows in from 
60" nort,h to  take its place, inasniuch t.oo as the tempera- 
ture fall from 60" to 40' north is much greater than that 
from 20" t.0 Oo, the resulting flow is stronger, and this 
flow bein turned by the eart,li's rotation mto an cast 
wind pro C F  uces t,he still stronger east winds of thc teniper- 
ate latitudes. Thcrc seems no flaw in tlie reasoning, hut 
the conclusion is in flat contradiction to the facts. 

I can offer no esplanution but put the difficulty to 
those mho :ire prepared to think out, t.he question for 
themselves without reference to or bias in favor of currciit 
es lanat,ions. 

Eut wliile tlie cauw of the westerly winds remains 
unknown, they do follow 8s a dircct coro1lar)- to tlie 
easterl? trades. This rcsts 011 the fundnnientnl meclian- 
ical principle of the c:onservation (I€ :ingultw momentum, 
it. was pointed out hy Frrrel and drserws t.o be more 
generally recognized than it is. 

the enrt.h's at,niosphere as a systeiii by it>self, 
it,s ang 9 ar momentum reniams practically constant from 
year to year ahout the earth's axis: t.licrefore the t.ot.al 
couple due to all the forces act,i!ig upon it, must be zero. 
The intern+ forces have no effect upon the system as a 
whole, and bhe only external force is that due t.o friction 
with the earth's suiface; hence the t.ot,al iiionient caused 
by friction between t.he air and eart.h, t,liat, is, thr tot.al 
moment caused by t.he friction due. t.0 wiixl, is zero. The 

it is a fact we ti establishccl bv observation that., m-ithin t.lie 

blowing at  rig K i t  angles to thc pressure gradients and that 

woul s be still easier to csplnin st,rong east winds in tmi- 

iven is this. 

no fault can be found wit I it, and it  has been universally 

Takin 

1 It  is quite us11 11 to sly '. \r..~rrm air rises and cold air flo\vs in to takes its place": but 
this expression disregards the importorit. dynmiic sidc of the phenomenon. 1 t would 
be more ewct to say alwnys, thit tlie surionnding denser 3ir piislies tlw w?.rnier, liqhter 
air out of its way or upwnrnl iw:riis? of thr co:i:;tnntly artinc lorw of gravity. Tlir 
warmed, lighter air or gas does not riscol its own accord any more than does the halance 
pan carrying the lesser load.-c. A., jr. 

friction acts in the opposite direction to the wind, and 
since t,he t,otal niomeiit. is zero any e:mtwly wind in one 
part, must be comper:sntetl by :t \vest.erly :viird elqcahere. 
Xoreorrr, siiice t,he lnvcraige is greater Jiew t.he Equator 
;,ec.:iuse t.he 11iktaiic.e from t.lie eart.h's asis is greater the 
equnborial winds must. eit.lier cover a snialler nren or be 
of less st.rcngt.li. The area is not snider ,  and hence the 
w-inds of temperate latitudes are t.he st.ronger. It, follows 
also from this that siiice angular momentmum is tram- 
niit,ted from t>he equatorid to the t.eiiiperate regions 
there must d s o  be an interchange of air, since t.he iiioiiien- 
t.um cmi he cnrriecl in no ot,her x.;-ag. Hence the circula- 
tioiis in t,ropic.al ai!d teniperat,e parts  re not indepeiiclent, 
of each ot,lier. 

There seenis to he no particular reason n-liy the winds 
known t.he ' i  trades" should not he wder ly  md the 
wiixls of temperatme lat,itudc.s e&crly. Perhaps such a 
system is possible and miglit be stable if once est.ablished. 
It would esplain the glaciation of iiort.liwst.ern Europe, 
for it \vould very grerttly lov\-er t,he temperat.ure of that 
region, but it is not feasible tis an esplanation of the 
glacial e >och l>ecnuse it x-odd raise the wiiit,er tempera- 
ture- of korth America. The prevailing wkds and the 
dist.ribut,iou of ])remire are so closely c,onuected that if 
one is li1i0~11 the ot,lier is dso known. Sc.cording to 
Buy-Ballot's law, a person st.ancling with his back to the 
wind has. in 1.11s Nort,lierii Heiiiis here, tahe higher 
baromebric pressure oil his right. hail d and t,he lower on 
his left.. Now, 1nt.itutle 30" lies to the north of t,he trade 
winds and t.0 the ::out$ of t.he westerly winds, aiid accord- 
inglv t,he barumetric pressure in t,he neighborhood of t.he 
30" latitude c.irc.lc-&her north or south-is high. Again 
latitude 60" 1ic.s on t,he poleward side of the westerly 
winds and its haromet.ric pressure is low. The question 
naturally arises, does the >ressure distribution 
the wind or dom t.he wint \ cause the pressure istribu- 
tion, and the only mizwer yet available is t,liat we do not 
know, though thc latt,er conclusion is the more probable. 

It has been stat,ed dhat 1nt.itude 30" shows a high res- 

will show t.hat pnt.ches of perniaiieiit high pressure appear 
on the occmis a lit.t.le t.o the westward of the large conti- 
nents, especially in the sunliner. The ailticyclonic areas 
in these regions are so plainly niarked that they can not 
be due to chance, aiid any sat.isfactory theory of the cir- 
culation mill hare to account for them. 

Areas of high mid low pressure hare been esplained hi 
s siniple way. Broadly it is true t.liat omr a large conti- 
nent. the pressure falls 111 suninier and rises in t,he winter. 
In  suninier the air is v,-arni, rarer, and therefore light; in 
winter cold, densw, aiid therefore heavy. This is the ex- 
j ;y t , io i i  .given. In  t,he Azores barometric niasiniuin in 

the air certainly is not cold. Over Europe in summer, 
if the suninier is one of esceptiond heat like that of 1911, 
the baronietw is esc.ep t.ionally high, not esceptionally 
low tts t>he theory would require. Moreover, observa- 
t.ions macle in t,lie higher at.rat,a of the atmosphere have 
shown 1)epo:icl t,lie possibility of dispute that LS t,he ordi- 
liar? clmuges of ],ressure pass over the weat.her chart it is 
t.he cyc.lone t.hat shows the low temperature of the air as 
a whole and t$e tinticyclone t,lizit, shoi\-s t,he high tempera- 
ture. 

The teiiipertitme of the air must. however, play an 
import,ant part, in tho circulation. I t  is ccrtain that 
were tdierc no tcni erature differences Lhere would be 
no wincl, tind t,liere P 'ore it is iinportitnt to consider the 
clistrihut,ion of tmiperat.ure in the at'niospherc. The 
cluest.ion .is grcatly ttoinplicat.e(l by the fnct that air is 
compressible and that its temperature changes as its vol- 

r d u c e  

sure. Broadly this is correctp but reference to a c ?l art 
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Helght. 

- - 
Km. 

20.. .................... 
19.. .................... 
18.. .................... 
17. ..................... 
16 ...................... 
15 ...................... 
14 ...................... 
13 ...................... 

unie chmges. Everyone knows t,his who uses a bicycle 
pump, for the end of t,he pump when t,lie air is cc~ni- 
pressed heconies quite hot. In just the smic uxv oir 
that has conie do~vn froni above is ine\-it.nhly w.nrnied, not 
because i t  has conie down-t91iat~ idca is n coninion inis- 
take-but, simply because it 1ia.s conie tan a place n-here it. is 
more squeezed and its volume is reclucccl. Conrersr!l- air 
that pa1sscs froni a higher to a lower pressure is cooled 
because it has espandecl. I t  makes no clifferoncn if it. hns 
risen 1,000 feet. txnd t,liereby lost 1 inrh of pre;..: +we, or 
if it, has nssed froni tho circumference to t’rie ctlnter of 
a West P ndian hurricane and siniilndy lost 1 iiicli of 
pressure. In bot,li c:tses the loss nf t.eniperaturc! due t.o 
espnnsion will he 5’ F., hut in t,he 1ntt.w case the air will 
arrive at, the center 1vit.h tho surne teinpcmturc tis t.lie sca 
over which i t  has passed, as it. will have been coinpen- 
sated for its loss a t  the espense of t,he sea. The rising air 
can obtain no compensation. as i t  is in cont.act only with 
other air subject t.o t.he same condit.ions as itself and 
in conse uence it  will h a w  cooled nearly 5’. This 
adiabat.ic 4 ieating and ccwling has Te1.y 
upon the distribut,ion of t.camperature 
and upon the circulation, because it 
to lie under cooler.. If trwo liquids of cliffertmt densities 
are put in the same vessel, wine and wn.t.er, for esnniple. in 
a tumbler, it  is im ossihle to make t.he lighter lit? under 
the heavier, thou& t.he converse condition is easily 
obtained. Simila&y if some wat.er at  a temperature of 
40’F. be colored and placed in a glass with some clean 
water at some other t,emperature, the colored water can 
be placed a t  the bot.t,oni and the c1ea.n water, if i t  be 
inserted without mising, will remain on the t.op; hut t,he 
converse condition is impossible. This is because pure 
water a t  40’F. is denser and heavier thrtn water a t  any 
other temperature. 

of air if inst,ead of teniper- 
ature in the usual sense we use the very convenient t.erm 
su gest.ed by Von Bezold, ot,ent.ial temperat,ure.” 

would have aft.er its ressure had been altered to some 
st.andard pressure. &us air of higher “potentid tem- 
perature” can not lie under air of lower “pot,ent.ial tem- 
perature,” The condition is unstable, like an e - standin 

warmer than the upper that on rising i t  will be cooled 
below the tern mature  of the upper layer on reachin- the 

on its side. 
In  what follows “pot,entid tenipernture” will mean the 

temperat.ure of dry air referred t.0 t,lie stanclsrd pressure of 
300 nihar. (285 nini. or 1.S6 inches of mercury) : “wa.rni ” 
and “cold” will be used not as absolute t.ernis but, w-it:h 
reference t:o the usual temperatiire, just’ as we slioulcl call a 
day wit.h a memi tempernture of 50° F. cold if i t  happened 
in July, but Ten- warm if i t  happened in January; arid 
temperatures will be given in the centigracle absolute scale.! 
on which 273’A. is the freezing point of water. 

The change from act,ual to “potent.in.1 t.enipcratures” is 
troublesome when large chnges of pressure are con- 
cerned, since logarithmic tables nra re.cluired. The con- 
nection is 

The same shternent is 

adfotential teniperatnre” is ‘2 t e teniperature the air 

upright on one end; but if the bottom air is on 5- y so muc E 
same height, t h en t.lie condition is stable like an egg Pving 

T P log - - - 0.391oCf - -  To - - Po 
where To is the “pot,eiit,ial teniperat,ure” nnd T t,lit! 
actual, Po the st,andarcl pressure nnd P the actual. But 
when t.he c.1iarigc.s arc snin31 we hnric, Iy diffc.1.i?iitint,iiig. 
bTJT= 0.29 bPJP whcre I’ and P me t.he esist.ing t,eni- 

P. 

Afbar. 
55 
84 
i 5  
87 

102 
119 
139 
113 

pcrature and pre.ssure and bT and BP are small corre- 
sponding chimgw. 
In rct.cnt8 yenrs IW linrci obtained fairly accurate? 

linowledge of the ten1 xmture of the air up to 20 kilome- 
tcrs (123 miles) o w r  burnpa and sonie knowled e of the 
c.onclitioiis in taopicnl r~gimis. The mean va 5 lies are 
given in Talde 1. Tlic ~alneu for London are based on 
sonic‘ 150 ohservnth)ns ma& (hiring the years 1908-1914 
in the ncighbnrlinod of 1,oiidon ; t h y  probably give 
corrcart, means for those gcsrs within 1” or, at, the outside, 
3T., ancl they agree within nnc or two degrees with the 
rcsults ohtainecl on the cont,inent of Europe. The values 
for the Equator are inore uncertain, observations there 
arc t,oo sctmty a.s yet to give a nicaii that is reliable within 
some 5‘C., but, all the ohsrmat,ions that, have been made 
nrc consistmciit8 in this, namely, t.hat estreme cold is met 
wit,h at  1ieight.s of 16 kilometcrs and over in the equato- 
rial regions, and no douht, dmtever remains that by 
far the lowest na tmd  air temperature that has yet been 
nien,surecl is found high up in those regions. 

The t.hircl column gives the temperature that air at! 
any point, would have if hrought, adiabatically under a 

Tho t,emperat4ures would be dif- 
rerent. if some other st,undard of pressure were adopted, but 
t,lie figures shorn two t,hings: V7here there is a large chan e 
of “potential temperuture ” with a small chanGe of heigft 
the air is in a verv stable condition and will stron 1-y 
resist any rcrt.icn1 clispIacenient. Secondly, if air in t % e 
process of circulnt,ion passes from A to B, then if the 
“potentrial tcnipernt,uro” at  A is higher thaii at B, the 
air niust lose heat, (not necessarily teni erature) in its 

assa e, ancl conversely if the “potantia P temperature” E higRest a t  B it must gain liest in its passage. 

TABLE 1.-Table of mean premirea mid leniperalures over London and 
the Equator. 

London. 11 Equator. 

ressurc of 300 niillibnrs. 

- -_ 
I 

1 ....................... 
3 ....................... 
2 ....................... 
I ....................... 

612 
697 
791 2 i3  
wi ‘ 278 

__- 

T. 

“ A .  
219 
2 3  
219 
219 
219 
219 
219 
219 
219 
220 m 
227 
233 
211 us 
255 
262 
21:s 

-- 
0.4. “ A .  

193? 319 
1931 303 
193) 258 

274 
195 283 
19s 2.54 
203 247 
211 246 
219 a 4  
22; 242 
235 239 
243 237 
251 235 

232 
2G5 
25a 

230 
!a72 227 
an 224 

222 
218 

There arc. two further points to be borne in mind with 
regard to t81ie “potential t’emperatures.” These tempera- 
tures arc calcula.ted on die ttssuniption t,liat the air is dry. 
This is not the ca.se. The presence of vapor, however, 
does not nintter until it bcgiiis to condense, but as soon 
RS condcnstttion commences latent, heat is set free and 
the 0.29 in t.lie formula giving t.he “pot.entid tern era- 
ture” co:ist>s t.0 he appliczblc. The value that rep f aces 
it. depends upon the teinperat.ure. 

Thr c.omiiion rule giren ujth rrpnrd to  atlinb:it.ic heat- 
ing and cooling is that rising air falls 10°C. in t.empera- 
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ture for each kilometer that. it  rises and rises 10°C. f9r 
each kilometer t,lint the air falls. This is t,me for short 
distances, but not for la~ge. T h e  rule is founded on tho 
sup osition that the s ecial t,emperixt,ure coiicli tions found 
in t IF, e air are such t P iat the "potentia.1 temperature" is 
the sa.me at, each height. How widely this differs from 
the actual state of a.ffnirs is shown by the figures. The 
result is that for heights esceeding a few kilonieters the 
allowance, 10°C. per kilometer, is too great. t,lius tipply- 
ing the formula log P/P,=O.39 log T/T,, and starting, 
from the ground level at. London wit,h a temperature of 
2S8OA. the correct value at  10 kilometers is 190'8. ~ n c l  
at 20 kilometers i t  is 120°A., instmd of 1 S3"A. nnd 89'8., 
which would be given by the 10' per 1ciloiiiet.er rule. 

It is perhaps harcllg hesirable to base any rt?marks on 
the generd circulstioii on such localized observations :IS 
those collected in t,he table; but yet, on the other hand, 
all the observations on t,he ten1 xrature of the upper air 
that are available are more or I ess coiisistcnt wittli each 
other. It is only over Europe that t,he ohservations arc. 
sufficiently numerous to give tlie con4 tions in any detail, 
but the r P s u l t s  obtnined from North America, Australia, 
and elsewhere do not cont.ra&ct, any concl!isions that, can 
be drawn from t,he observat.ions over Europe. Over 
Europe tlie effect of change of lnt,itude is quite appiirent? 
but no certtiin difference betaween east and west can be 
discovered. All available obscrvntions support the gen- 
eral rule that where the lower air strata a,re warm the 
upper are cold, so that while near the surface as one goes 
toward the Equator tshe temperatures rise, but above 13 
kilometers or so the chverse conclit.ions are found and it 
is the polar regions that are warm and. the equatorial 
rewions that are cold. 

%he differences of pressure a.t tlie sanie level are a 
striking point in Table 1. If two columns of air of differ- 
ent temperatures but the same pressure at  t,lie bottom, 
aould stand siclc. by side the greatest difference of pres- 
sure between them would be at  the height, of the homo- 
eneous atinos here, i. e., at a height of from 8 to 9 

hometers. TEUS in ~ a ~ e  1 from 5 to 11 1cilonirters, dif- 
ferences of pressure of over 30 milli1)ai.s are shown he tween 
the Equator and latitude 58" N. It is no great wonder, 
therefore, that the strongest winds should be found at  
these heights. At 18 kilometers the pressures are found 
to be the same. These pressures are of coursc calculated 
from the surface ressure and the observed temperatures, 

peratures over the Equator to be sure that the pressures 
given in Table 1 are correct; but i t  is certain tlist above 
10 kilonieters the differences rapiclly decrease and almost 
certain that somewhere between 15 and 30 kilometers 
there is a level where the difference is notling. 

It htts been pointed out already that, owing to the 
earth's rotation, a wind does not blow direct from the 
high to the low ressure, indeed i t  is ohrious that if such 

be f l e d  up by the air entering it, hut i t  blows at: right 
anules' to the pressure graclient. Thus t,lio decreasing 
vJue  of the pressure at the cirrus level, as the latitude 
increases, will account for the westerly wincls at that 
level. Also since the journey from the Equator to lati- 
tude 50" is a lona one, there is ample time for a wind 
starting as a sou& wind to he turned into a west wind. 

The prevsiling winds :it that. live1 in teiqerate h t i -  
tudes are kiiowii to hare a. wvcsterlp coin])oii~nt, but it is 
equally cert.aui that vest.erlly mirids :i.rc not, :ilwnys blow- 
ing, at  least. over Ehrope. €or ma.uy hnlloons hnvc! btwi 
sent up and have fdleii without ciicoun trring any drift, 

and we can not B e sufficiently certain of the mean tem- 

were the case t i e  P low pressure area would very rapidly 

from the n-rst. It map he of interest to st,nte here that 
ovw Eureps tlic "c.enter" of the fnllinq plnce of hnlloons 
tlint, rci~c~*li froin 12 to 20 Iiilo~iiet~ers hcizht, is between 
ciwt,-snut,lieast, m d  sout:licnst, of tlic starting point, thus 
showing tlliit OTW Europt. tltcrc is a drift frnni the north 
as  ell iis fro111 t.he west. This is proh;ddv local, but 
since the rnte of ascent of :I l~dloon is niuch the saiiie at 
all heights the nir:m drift must. refer to lieiclit and not to 
tlie iiiass of the air. If? tlicreforp, the drift in the lower 
strata is froni thc south, tlie h:illomis may still fall to the 
south without provina that t-lic drift of thc maw of the 
ntmosp~wrc is from tRe north, for linlf of [tlin mass  of^ 
t;he whde atmi~sphere lies b e h v  6 kilometers aiid nearly 
t;hrec. quii,rters lies below 10 kilometers. 

If wc average tihe tciiiperat,!ires (in Tnl)le 1) witsliregard 
t o  maw we find 250"A. for t.he mean in the neichhorhood 
of Limdoii and 264'A. for t h  Equator. Tnking the a t  
mosphcrc xs 11 w h l e  it is as II niatter of cmrse continually 
losing lielit by rdiiltioli int,n sprron, it is also being warmed 
hy solnr r:tdiation, direct :nit1 indirect, nncl by contnct 
with tlie earth or sea d r e d y  1ieat.erl by t.lie sun. Since 
its t.c.nipcr:tture reinnins miclic-ingerl to any appreciable 
ainount from y c ~ r  to  year it nuist lose by radiation just as 
much heat as it receives. We may assume, probably 
witSliout error. t!i:i,t the aiiiount of heat tlie atmosphere 
rixdintes out into space varies :is the fourth power of the 
&solute tcmper.zturG in accordance with Stefan's law 
and if we take 355"A. ns the niean temperature that is 
niain tained undw the average solm radiation, we can cal- 
culate mh:it the menn should be under any other amount 
of solar radiation. In Ham's well-known book tshe solar 
radintion at the Equator is given as 350"-4. in comparison 
with 340"A. in latitucle 50'. Were there no circulution 
and were the teniperziture at  each place dependent only 
on the ratio batsween the valuns of the radiat.ion, the ratio 
of the tempwc~turc~s between the Equator and latitude 50' 
should be the fourth root of 340/350 which is very near1 
91:100, and tho ratio between 250 and 3G4 is a lit 9 e 
under 95 : 100. Tho temper:iture difference is therefore 
less than the diffwence in radiation would lend us to ex- 
rect and the eqiidization must be producecl by the circu- 
ation. If tlis .figures were sufficiently trustworthy one 

might get an idit;t of the interchange of air, but not only 
is the 364"A. sihjoct t.o a 1ti.rCre casual error, but also the 
250"A. for Europe, though rehble, only refers to a small 
part of t,lie latitude circle. 

Knowing with fair accuracy the value of the solar con- 
stant, the miount of heat, thnt8 the whole atmosphere 
loses per day can be estimnted with some nccuracy. The 
doubtful plmt is the amount of solar heat that is reflected 
back without being directly or indirectly absorhd by the 
air. The result is that the fall of temperature per day on 
acc.ount of " out" radiat.ion done is from two to three 
degrees. This is tlie nveragc! value; it would he more 
near the Equator, less near tile pole. 

The temperatures t.hat are iven in Table 1 are very 

observations were set on foot no one would ave expected 
that the lowest, natuml temperature that mankind has 
measured would be found at some 10 miles height over 
the Equa.tor. yet so it is. The actunl mean value, 193OA. 
( -  lSb'C., or - 1 l?"F.), may he doubtful, but the value 
is ccrtainlv far below that, found at  the same height 
in t,empernte latitudes. The hiiliests mean [up er air] 

tion of highest lati tude from wTicli regular observations 
are obtainable. It seems t,o me that there is one and 
only one feasihle esplanation. The low temperature 

R interesting but they are di B cult to ex lain. Before 

temperaturn is given by Petrowad (Pavlovsk), t, ?l e sta- 
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must be duc to tlie general ascent of the air, and it, must’ 
occur in spite of arlcl not in obedience to t,hc rncliative 
conditions. Radiant energy is most intense a t  the 
Equator, both direct and indirect. The earth and lower 
layers of air are wanner and the radiation t,hey send 
u ward is more intense. It is utterly inipossibh that 
tl$s can be checked by R ve,il of cirrus or other cloucl, 
for if checked i t  can only bc hy being absorbed or 
reflected; if reflect-ed it must rnise the lower teniperature 
still more; if absorbed i t  must raise the tern 
the absorbing body until tlie latter gets so 
radiates outward as much hen.t as i t  is receiving froin 
below.’ Thus inevitably nir at 16 kiloineteiv over t,he 
Equator must, so far as radiation only is concmiecl, with 
intense solar mdiation coming froin above and liot damp 
radiating layers below, be warmer tliitn air at  t>he same 
level in tlie winter over t,hc laius of northern Russia, 
with no appreciable solar ra1iation from above and a 
surface of snow below liming a temperature not much 
abo-re the freezing point of mercury. Yet the air high 
up over t,he snow-covered plain is about 30’C. (54’F.j 
warmer than thnt over the rttnk steaming juiigle of the 
Tro ics. 

’8ie.fact can be esplnined if we suppose a steady t,liough 
slow rise of air in tlie Tropics aiicl a. corrcsponcling fiill in 
regions nearer the poles. There is overwhelnung evi- 
dence t,o show that away froni the earth’s surfi1c.e t.he 
local distribution of temperature is governed far inore 
by t:he distiibut.iou of pressure, w’hicli :&el% the tempcra- 
turc directly aiid also by inducing vert,ic.nl niot,iou than 
by radiation. This evidencc will he given later.’ ‘The 

uestion of t.he rndintion o f  t.hc at.mosphere is a very 
Iifficult one. It has been shown tlixt t.hc atmosphere, 
taken as a whole, at  a. teiiipera.t.ur.e of about. 3553A4., 
would lose by “out” r?tlirit,ion about, 3.5OC!. per C ~ A V .  I t  
niay be inferred that If the ntmcjspliere r s  n whoh h:id 
a t.cniperature of 2S0°A., say, i t  would lose 2.5’X 
(pS0/255)4 or nearly 4 O C .  TI- dny, and if :t t,tmpernture 
of 230°.!!., it  ~ ~ o u l d  lose a out, 1.3’ per dnp. But, it i+ 
not, safe t,o infer that n small MBSS of itir at  2SO’A. 
placed anywhere loses a t  t,lie rnt,e of 4’C. per day (of 
course we are taking no account iiow of t,lie energy t h ~ t  
is absorbed) becnuse the nbsorhing and rndint,ing power 
of air depends very grentlr on the illmount of water vnpor 
and mrbonic acid present,. W n r i  tiir in general, i’wn in 
places like tlie Saihwa, has plenty of n-:i.tCr rnpor, colt1 oir 
can contain -rer.y lit.t,le, hence warm nir’ possesses ii p v t ~  
of radiation which cold a.ir does not. possess ant1 the qucs- 
tion becomes very complicated. Added to t.hie t,licrc is 
the radiation froni clouds, of w1iic.h we kiiou- wry lit.tlu. 
A heavy rainfdl puts an enormous nmount of hent into 
the atmosphere; this heat does not, seem to alt.cr the 
t,emperature much and i t  is hard to see what, becomes of 
it  unless it be dissipat,ed by radiation froni trhc top of t,lie 
storm clouds t.hat cover the raiiny mea. 

One point, however, is fairly clear. Tlie mut,ud radin- 
tion between different parts of t,he at,niosphere ninst tend 
to equality of tremperature throughout.. Air, like all 
other substances, cnn &sorb just those wave-lengt,hs 
which i t  can radiate, both processes for dry air a t  any 
rate are slow, but perhaps all air possesses sufficient 
moisture to render raclintion efficient. We know that 
the atmosphere is able t.0 absorb a large proport,ion of the 
solar rays; 

The air is a c t u d y  warmest u t  the bottom and there 
are two separate ways in which this may be brought - 
-_______I__ ____ 

:Corn are in thls connrctlon the ex osition b n’. J .  Humphrcys In Bulletin o l  
Mount Ge$ther Obsorvotory, 1011, v. 8, pt. 3, p. Pao-i3i.-c. A., jr. 

about. Both the temperatures of the sea and of the 
ground are higher than that of the air lying just above 
them, at  least this rule holds for the warm parts of the 
earth aiid for the summers of tem eratn latitudes. This 
higher temperature is produced B y t,he solar radiation 
that get.s through the atmosphere and reaches the ground 
a n d  tlius afl’ords t.o tlie air a source of heat at the bottom. 
The result must be a temperature gradient from below 
upward, but i t  is not easy to t&m:ite what the magni- 
t d c ?  of t,liis gradient ought to be. The other possible 
es lanation will be discussed Inter. 

!&it> actual figures in t.he columns (Table 1) showing 
’ ’ potential teniperat,ures ” :we of no importance because 
t-hey dopend on the st:ind:rrcl pressure chosen, which is 
quite arbitrary. The difference between two “potential 
tenipcmtures” is significant SO loilg as we do’not de art 
too far from the height corres onding to the stan if ard 
pressure, in tliis case about 9 &onieters. If the air at  
m y  point, wero in neutral equilibrium, tlie otential 
tenip‘iratuye ” woulil not change with the heig “ f it. The 
fact, tlist the “potential tempwaturo” everywhere in- 
crcnses wit.li the height proves the stnhility of the at- 
mosphere. Equd “potential temperatures” would cor- 
res ond t.0 an ocean ,of wntor, pure or of uniform salinity 

clesceiirling currents could be set up with ease in such 
:in oc(~aii. The actual conditions correspond to an ocean 
linviiig lnyrrs of differeii t liquids, t,he heavy liquids being 
i L t  the bottom, t.lw light itt tdie top, and the different 
density of each layer is sho\\;ll roughly by t’he reciprocal 
of the “ potaiitinl temperature.” Such an ocean would 
permits of horizontd curronts being set up without 
much trouble, ?)ut it u-oulcl resist vertical circulation. 

The “potentid t.emper:ttures” of Tnble 1 are calcu- 
l n t d  oii the assuniptioii t,lint u-e are deding witmh air 
in which water. is not being condensed. For parts in 
which min is being formed t.he 0.29 of tlie formula is 
too high nuil t.hc “ potential t.empwat,ures” would be 
neiirly equd for successire kilometers. In such parts, 
t,lierefore, t.he st.aldit,y need not. ?>e large. But ascend- 
ing a h  in ont! pliice is of ncctsssity tmompmied by de- 
accniling air somcwhcrc dse m d  for descending air the 
“pot.c.nt,i:il t~mipc!rnt.un.s ” of t.lie t:i.bln are correct. Also 
tlis p r t , s  in which rnin nt any mmwnt is being formed 
arc?, in r.rinip:wison with the wliol~ a!.niosphere, of very 
li mi t.eil ost.c.n t., htince t,lic tivc!raw coiiditioii is one.of con- 
siclrrn?)le stability and vert,ica motion will be strongly 
resis t . d .  

pot.ent,i:tJ t.empertitures” is 
this. It hns been already pointed out. If air asses 
from one place A to nnotlier B, ;incl tlie (6 potonti3 tem- 
pc!rat.ure” of B is above that of A, then on the whole 
tluriiig the passage the air must receive more heat than 
it loses. For air t . h t  does not touch the ground the 
soiircos o€ heat are only two, viz, heat. set free by con- 
dt!nsing w:it,er va or and hont received by radiation from 
bodies wnrnier t l! nn itself. ’ The coilverse holds, but the 
loss of lieat can only be by radiation to colder bodies 
or to s ace. 

It fo F lows that all descending air is losing heat. This 
is retidily esplnined, for descending air beconies warmer 
than its surroundings since the aver8 e temperature 
wadient is not equal to the adiabatic gra f: lent, and there- 
fore it loses heat by radiation to the neighboring air. 

Tlie ex lanation is 
similar to, but the converse of, that given a E ove, but in 
addition in the lower strstn ascending air produces 
rain and the air receives heat €rom the latent heat of 

zilic F of cqud tcmperaturc throughout. Ascending and 

A srcond point about t.he 

Ascending air is gaining heat. 



condensation. This fullv explains the greater rise of 
" potential temperlitmure " in the lower strtbta. 

Air passing horizontally near the surface is gaining heat 
when going toward the Ec uator. This is natural enouoli, 
for a north wind is natura h y cold and is being warinedxy 
its surroundings. 

The most interesting case is that of the horizontal 
passage of air north and south at  grcat height,s. The 
teniperatures above 17 kilometers at  the Equator must 
be accepted with great reservation, since observations 
are very scarce, but from about 13 to 17 kilometers tlie 
equatorial poteiitial temperatures are certainly n1uc.h 
below the others. The ressures are greater also, so 

flow is toward the north the air is gaining heat and it 
seems to me that from its situation it ought to be doing 
so. It is very cold and therefore is not itself radiating 
much either upward or downward, and it has 
through it outward the whole radiant energy \v iich is 
being sent outward b t,he earth and by the four-fifths of 
the atmosphere whici  lie below it, a,nd iriuch of which is 
at  a far higher tenipernture. I t  is lilielv to be a long 
time before any direct observations can sficiw which way 
the drift is, for a very slow niotion will suffice to esphin 
the low actual temperatures over the Equat,or. The gen- 
eral niotion is from the west, tind it  is a uestion whether 

degrees north or n few degrees south of west. The 
ascending current over the &quator is certainly slow, a 
hundred feet a day, perhaps, or something of that sort; 
otherwise the teniperature gradient would be steeper; 
and the air carried u by so feeble a draft could readily 

as precise observations of the upper winds its we have of 
the surface winds. 

Reverting to the actud teniperatures, it is ncltewortrh 
how sindar the t.empernture gradient is in the t,\w local 
ities. It begins at  about 5°C'. pcr hi: ,  then after the 
cloud level, escludiii cirrus, is passed it increases to 7' 

This point is hi&r the lower the lntitude. Observatioiis 
from all parts of the world show the same tciidency, es- 
cept that where the surface temperature is verg low 
the gradient in the lower strata is absent or reversed. 

It scenis to nie likely that this special form of gradient 
is a sort of coiiiproiiiise between two op osite tendencies. 

, the adiabntic g d i c i i t  would prevail throughout, for 
ui! t e mixing will niake equal potentid tenipernt,ures, just 
as stirring t.he mater in a bath mskcs B uniforin tenipera- 
ture. Xow, the winds, however they i i i : ~ ~  be caused, 
must do n certain aniouiit of mising :md lielice iiiust 
raise the bottoin tenipernture nncl lower the top : niid 
unless there were suniething else t80 rwersc' the result the 

roccss would uo on unt.il the wa.client were :uliiLbatic. 
gu t  radiation c ~ e c k s  the result, P believe, for in opiii- 
ion tlie tendency of radiation is tow-srd :i uniforiri t.e:ii- 
perature or to x sniall gradient. l'lie nrgunients seciiis 
clear that the n-vincls done must n-lake a a  ndinlxitic gra- 
dient,, s h e  they do not do so soniething iiiust interfere 
with the process 2nd that soniething can be nothing else 
save radiation. I t  is significant,, too, that olservat,ion 
shows that the wind falIs off rapidly at  or about the point 
where tlie temperature gradient ceases. 

The statement preyiously inaide that upper-air tern er- 
atures depend on the pressure distribution rather t ian 
on radiation is based on the following facts. So iiiaiiy 
observations have been made over Europe, ranging from 

The converse also holds. 

that the flow of nir shoul L7 be toward the north. If tlie 

yassilla 

on the balance over the whole zone thc 1 irection is a few 

escape north and sout f 1 without detectioii, even if me had 

or 8' per k~ii., u to b F ie x in t  at  which it stops altogetlier. 

I t  is obvious that if t,he nir coulcl be t 7 iorouglily inisecl 
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Pa.via in the south to Petrograd in the north and froni 
Irelalid in the west to Russia in the east, that we have 
quitc? a good knowledge of the conditions both in summer 
and winter and in tinies of cyclonic and of anticy- 
clonic. weather. Oyer the British Isles solar radiation m 
suiiiiiier is about three times as great as in winter and 
the temperature of the air up bo 10 kdonieters is in eneral 
12'C. (21°B'.) wanner. Noth~it.hst.ancliii~ this, for the 
purpose of knowing the most likely temperature of the 
u per air, it  is nwre iiii ortaiit t.0 h o w  the height of 

after the first kilometer or two is passed the air in a well- 
marked cyclone will be colder insumnier at from 3 to 7 
kilometers than it is at  the same height in winter in anti- 
cyc*loiiic wcatlillcr: and above 13 liilonieters the converse 
will hold. The same rule holds for Euro ,e generally, but 
cy-clonic conditions there are much less I recluent. More- 
over, it, is not the pressure a t  sea level that. is in1 ortant, 
but the pressure at! about S or 9 kilometers. d i e  tem- 
pera turcs both above and below follow the variations 
of mssiire tit 9 kilonieters with the utmost precision, 

gi-ien it, would be easlcr to draw a chart of temperatures 
at  5 or, to IX less esteiit, a t  15 kilometers than it is to draw 
n chart of wind forces and directions from isobsrs on an 
ordinary chnrt. The ressure at  about that height seems 

t P ie barometer thnn to r aiow the tinie of the year, for 

aiic t if ti chart showing pressures at  9 kilometers could be 

t:o doiiiiiate all tlie ot P icr elcments. 

FORECASTING TIIUNDE R STORM S 

By GABRIEL GUILBERT. 
[Dated Aug. 3, IOlZ] 

1. Wireless telegraph installations are known to pos- 
sess the curious property of recording [indicating] the 
electrical iiianifestations produced in their neighborhood 
and even t i t  wry great distances. 

Thus, on Milrch 4, 1 ~ 1 3 ,  .z foriiiiclnble thunderstorm 
accoiiipaiiied by tronibes clesceiitled upon Calvados 
[DCpiwtment Caen] nt about lgh mid a meteorolo ist of 
the Lyon observatory, M. Flajoolet, simultaneous P y ob- 
served his wireless apparatus to record powerful distttnt 

It \ns but, n st,ep from this observat,ion t.o the thought 
that it \.;oulcl be possiblc to :miounce for a given point, 
the approach of a clist,mt tliuiiderst,orm indicated by the 
wireless outii t., and physicists mcli as M. Turpain of Poi- 
tieiv hare nt,t.empt.ed these predictions. 

So far it, l i : ~  not! been possible, uilfortunntely, to fore- 
c u t  the clireckiou of t,hese distmit thunde1storms. Thus, 
in the ci~se of t,lit? squtdl of March 4, 1912, the apparatus 
a t  Lyon did hirleecl record t,he esistence of a storm, but 
coiiltl not iiidicatc whet'lier or no t,he storin was approach- 
ing t,lie ohscrvat,or-y. X S  a niut,ter of fact it  was traveling 
towiril t.hc KNE. p r t  of France iincl was nioving away 
from lJyo~i. The wireless tdegraph reniailied and wib 
reniaiii iiiuic?, powerless, on t.liis esseiitinl point as well as 
on t.he speid of t,lie storm. 

Cert.ain squdly clou~ls are indeed either very slow mov- 
ing or very rapid; they mny move a t  the rate of 20 or of 
101) km-hr. ; wireless telegraphy knows nothing as to that 
and ciin not know anythmg. 
On the ot,her hand, certain meteorologists believe that 

they can notice that the wireless apparatus also reach to 
phenomena quite other than trhunderstorins ; there is thus 

phl~liolllena. 

I Traiielatrd / m u  Associstion Frmcaise pour I'avaneement des sciences, Compte rendu, 
41- sass., Nhs, lQl2. (PIUS. 1913), p. 296-304.4. L, Jr 


